Introduction
CdTe-based heterojunction solar cells are very prospective due to their optimal photoelectrical characteristics for highly efficient solar energy conversion. It is known that CdS/CdTe solar cells are the most studied among promising CdTe-based solar cells [1] [2] [3] [4] [5] [6] [7] . However, wide band gap conductive metal oxides/CdTe heterojunctions become very attractive due to the wide spectral range of their photosensitivity. In particular, a number of research gropes have shown that anisotype heterojunctions CdTe -p TiO -n 2 are prospective for application in photovoltaics, in spite of some drawbacks resulted from non-optimal conduction bands alignment and recombination at the TiO 2 /CdTe heterojunction interface [8] [9] [10] [11] [12] .
In our previous works [12, 13] the detailed investigation of electrical properties of CdTe -p TiO -n 2 heterojunctions was carried out under dark and different light conditions. The dominating current transport mechanisms through the heterojunctions were established under dark conditions as well as their light dependence was shown. However, there was not paid enough attention to the analysis of their photoelectrical properties, which are very important for photovoltaic devices.
This paper reports the results of a detail investigation of the photoelectrical properties of CdTe -p TiO -n 2 heterojunction solar cells in the scope of the generally accepted equivalent circuit in the presence of series and shunt resistance. The effect of the dominating light dependent tunnel-recombination current transport mechanism at forward biases will be taken into consideration. The width of the space charge region W and thus the concentration of uncompensated acceptors
will be determined using the technique based on the open-circuit analysis of heterojunction solar cells under monochromatic illumination [14] .
Experimental methods
The fabrication of n-TiO 2 /p-CdTe heterojunction solar cells was carried out by means of the pure TiO 2 thin films deposition (σ = and n = at 295 K) onto freshly cleaved CdTe single crystal substrates with dimensions 541 mm 1 
Results and discussion
As was mentioned abov of the e, the analysis CdTe -p TiO -n 2 solar cells will be carried out in the uivalent circuit which takes into consideration the presence of series R s and shunt R sh resistance (Fig. 1) 
The measured ) is shown in of the series R and shunt R sh under light conditions can be easily d ned using the following relations [16] :
of series resistance R s [15] :
Now let u write equation se of shortcircuit and open-circuit conditions, expressions (4) and (5), respectively: s (2) in the ca 
On the basis of Eqs. (4) and (5) one can easy derive the following transcendental equation: , the series R s = 180 Ω and shunt R sh = 2.2·10
3 Ω resistance determined from the light V I  characteristic shown in Fig. 3 .
ue of the open-circuit voltage V oc = 0.93 V, calculated by means of equation (6) (Fig. 3) .
It is quite obvious that the values of some parameters are given wrong. The values of I sc , R s and R sh are undoubtedly v conditions (Fig. 3 ). Therefore, we should pay more attention on coefficients α 0 and B.
It is known that the coefficients, which quantitatively describe dominating current transport mechanisms through heterojunctio ght conditions (wavelength and intensity) [17, 18] . In our case, coefficients α 0 and B, which quantitatively describe tunnel-recombination mechanism of charge transport through CdTe -p TiO -n 2 solar cells also depend on light conditions [19] . Therefore the actual values of coefficients α 0 and B should also be determined under l sing light V I ight conditions u  characteristics of the solar cells under investigation.
If the inequality
is valid, the following equ can be written [13, 19] :
One can easily determ coefficient α from the slope of the linear depende in the semilogarithmic scale ine the actual value of the nce (7)
The coefficient B can be determined extrapolation of the linear depen interception with the current axis: (8) by the dence toward the Fig. 7 ) is equal to its experimental value onochromatic illumination (Fig. 6) 
where F = A і /A sc is the shade factor of the frontal contact, A і and A are the illuminated and total area of the solar cell, re sc spectively, T TiO2 is the transmittance of the TiO 2 thin film at λ = 650 nm, S and S b are the recombination velocity at the heterojunction interface and back contact, D n and D p are the diffusion coefficient of electrons and holes, L n is the electron diffusion length, d is the thickness of the CdTe layer, α is the absorption coefficient at λ = 650 nm, P opt is the optical power, k is the Boltzmann constant, T is the absolute temperature.
As was mentioned above we used thick single crystal CdTe substrates During the calculation using equation (11) 
The calculated value of the width W of the depletion region in the heterojunction solar cells under qual to cm 10 8. 
where ε 0 is the permittivity of free space and ε p = 10.6 is the dielectric constant of CdTe. 
